The problem of point particle in the 1/r gravitational field was studied in SR-based Mechanics. Equations of motion under assumption of field dependent proper mass were obtained in the relativistic Lagrangean framework. The dependence of proper mass on field strength was derived from the equations of particle motion. The result was the elimination of 1/r divergence. It was shown that a photon in a gravitational field may be described in terms of a refracting massless medium. This makes the gravity phenomenon compatible with SR. New results concerning gravitational properties of particle and photon are discussed. The conclusion is made that the approach of field-dependent proper mass is perspective for further studies on divergence-free gravitational field development.
Introduction
The central question of this work is the one of Special Relativity mechanics:
is a gravitational force compatible with SR? When investigating it, we do not use arguments from a quantum field theory, and do not question General Relativity. The objective of this work is to show how a gravitational force can be included in SR Mechanics framework. Though we use the term "field", it has a classical mechanics meaning of 1/r potential field, or the corresponding Minkowski force field. Occasionally we refer to some comparable results of "conventional theories" as far as it concerns problems of particle motion discussed in conventional SR Mechanics as well as in GR or classical field theories under assumption of proper mass constancy. A novelty of our approach is that the proper mass varies under the force action, and its dependence on field strength is found from the equations of motion.
At some historical stage of GR development, there were numerous attempts to incorporate the Newton's formulation of the gravitational law into SR as a starting point to a field theory development. A Newtonian field propagates with infinite velocity, and one could expect that this assumption would be automatically corrected in the covariant formulation of the gravitational law. Approaches were based on the concept of proper mass constancy and the concept of a photon coupling to the gravitational field: the latter was thought a necessary condition for explaining the observed bending of light (see [1] and elsewhere). Not surprisingly, the attempts failed, first of all, because the stress-energy tensor of the electromagnetic field has a vanishing trace. Thus, SR Mechanics of a point particle under gravitational force action has never been developed.
We revisited this problem in the SR framework and studied the role of the proper mass in SR dynamics. The conclusion was made that the commonly used concept of the proper mass constancy is neither required in theory physical foundations nor it is justified by observations: so far, this is an arbitrary assumption, subject to theoretical examination and experimental verification.
In our SR-based methodology of a variable proper mass, the world line is curved, while the metric remains the Minkowskian one: diagonal elements are functions of dynamical variables, off-diagonal terms identically equal zero. The equations of particle motion were derived, solutions to which under weak-field conditions were found similar to those in conventional theories (GR and its modifications). New results were predicted concerning gravitational properties of a particle under strong-field conditions. As for photon, the conclusion was made that it can be treated in a relativistic model, in which a field acts on the photon as an optically active medium. In other words, this is the gravitational refraction rather then force attraction that causes the bending of light. Thus, the issue of SR incompatibility with the gravity phenomenon took a new turn: the inclusion of gravitational forces into SR was justified.
It is shown that the concept of variable proper mass leads to a Lagrangean conservation symmetry and an elimination of the 1/r divergence through the mechanism of proper mass "exhaustion". This is a new important result, which needs to be further investigated. Our idea of singularity elimination was presented earlier in ( [2] ), and here we study different aspects of it in more details. proper velocity vector, which is tangent unit one, is a generalization of 3-velocity v i : u µ = dx µ /ds, where ds = ds µ ds µ = c 0 dτ is the arc length interval of world line s, c 0 is the speed of light in the absence of field, and dτ = γt is related to the so-called coordinate time interval t in the formula
The 4-momentum vector is introduced as a generalization of the 3-momentum: P µ = mu µ = m(dx µ /ds) with the obvious connection to v i : P µ = (mγ, mγv i /c 0 ). From this, the 4-momentum magnitude equals the proper mass P µ P µ = m.
An important stage in Relativistic Mechanics is the introduction of
Minkowski force K µ (so far not specified) acting on a test particle of the proper mass m. In GR and conventional Relativistic Mechanics the proper mass is assumed to be constant m = m 0 , so the dynamics equation has the form dP
We change the above assumption and consider the proper mass being fielddependent m = m(s) to allow for a non-zero tangent Minkowski force component u µ (dm/ds)
The question arises: how does one know whether the proper mass is constant (as mostly assumed in current field theories) or field dependent (as suggested in this work)? Our viewpoint is that the proper mass constancy assumption is the issue of theory physical foundations and subject to experimental falsification. It should be noted that the proper mass variability is not a new idea: it was discussed in classical books on relativity theory by Synge [3] and Moller [4] and occasionally later on in connections with field theories but did not draw much attention among physics community. We are going to confirm that the introduction of the field-dependent proper mass in the relativistic Lagrangean framework leads to a consistent relativistic mechanics.
A relativistic generalization of static gravitational force
Consider a test particle characterized by a field-dependent proper mass m.
Let the particle be slowly moved at a constant speed along the radial direction in the 1/r static gravitational potential field due to a spherical source of a radius R and a mass M 0 >> m 0 , where m 0 is a particle proper mass at infinity. Such an imaginary experiment can be done by means of an ideal transporting device provided with a recuperating battery. Work on the particle of a variable proper mass is given by:
where r g = GM 0 /c 2 0 is a gravitational interaction radius. Since the gravitational force is compensated by a reaction from the transporting device, the particle must exchange energy with the battery in a process of mass-energy transformation. So the change of potential energy is related to the proper mass change:
and the proper mass of the particle is a function of r:
In a weak field approximation r ≥ R >> r g , we have a Newtonian limit, and still can retain the proper mass variation:
As is seen from (5), the proper mass tends to exhaust as (r g /r) rises, while a gravitational potential energy takes the form:
and the force work is given by
The potential energy changes within the range −m 0 c 2 ≤ W (r) ≤ 0. Therefore, it is limited by the factor c 2 , and a divergence of gravitational energy is naturally eliminated. The same will be shown true for a particle in free fall.
It is interesting to note that in the time of GR development, Finnish physicist G. Nordstroem [5] tried to develop an alternative gravitational mechanics and field theory. Obviously, he was aware of option (2) , in which the proper mass depends on a gravitational potential φ(r). In 1912-13 he considered a formulae m(r) = m 0 exp(−gφ) with some "adjusting factor" g.
Having troubles with gravitational properties of light and inertial mass, he did not come to a consistent theory and abandoned work after Einstein's GR was published in 1915.
From (5) it follows that a predicte deviation from 1/r potential is noticeable near a source of high mss density, and it is not realistic yet to observe the effect in laboratories. Nevertheless, challenging experiments are in progress.
In one of them, an alleged test of a supersymmetry theory prediction of the 1/r 2 law violation is attempted with the use of a symmetric torsion pendulum [6] . The authors look for a quite large correction [1 + α exp (−r/λ)] in a direction, which is opposite to what we predict. Their assessment of the effect was obtained by conventional mechanics methods based on the gravitational force concept, in fact, similar to that of mechanical force: the kinetic energy gain (γ − 1)m 0 is taken from an "inexhaustible" source. For this reason, potential energy is subject to 1/r divergence. We are motivated by the prediction of a new phenomenon, the proper mass exhaustion (5) under strong field conditions. The phenomenon leads to a natural elimination of the divergence. and a Lagrangian L[(q(t),q(t)], a system evolution is determined by the
Relativistic Lagrangean formulation of the problem
If the r.h.s. of (9) is zero (the system has a q-symmetry), a quantity 
We shall return to this issue later in discussions of relativistic Euler-Lagrange equations.
Equations of motion
As was explained, the stationary Lagrangian is given by
where s = s(x µ ) is a world line (arc)length, and a field is characterized by potential energy W (s) (it is negative for an attractive force). The EulerLagrange equations of motion follow from Hamilton's principle of the ex-
with a set of dynamical variables x µ (the s is not the one). Obviously, the proper mass m(s) should not be considered an additional dynamical variable in a sense of the fifth degree of freedom. Thereafter, m(s), W (s), u(s), s, and ds are subject to variation through independent variations of x µ . The proper velocity u µ (s) as a function of dynamic variables x µ will appear in the variational procedure, as well.
It should be noted that the relativistic Lagrangean problem for a free particle motion was discussed in [7] , [8] (12). From (12) to continue, we have
Because variations δx µ between the end points are independent for different µ, the equality δS = 0 in (15) 
Having the additional equation of time-likeness of particle motion
one is able to determine five correlated quantities x µ (s), m(s). Finally, one needs to introduce Minkowski force K µ = −u µ (∂W /∂s) to get the desired equation of motion in terms of 4-momentum rate and Minkowski force
There are, actually, two orthogonal (vector) equations in (19)
where u µ (dm/ds) = K µ tan = −u µ ∂W /∂s is a tangential component, and m(du µ /ds) = K µ per = −W (du µ /ds) is due to a Minkowski force component acting perpendicularly to the world line. The two equations are coupled in a feedback manner through a varying proper mass. From the scalar product P µ u µ and (18), the following useful formulae are obtained:
which express an energy balance (a current in 4-space). The existence of two orthogonal solutions is a consequence of proper mass variability under force action. This is a new result, significance of which is seen in applications.
3 The 1/r Gravitational Potential
For the practical use of results obtained in previous sections, one should express (19) in terms of time-dependent 3-space coordinates x i (t) using a connection of proper/improper quantities ds = c 0 dt/γ and the definition of P µ . The t is a "wristwatch" time measured by an observer at rest with respect to the source but far away from it (ideally, at infinity), as discussed later.
The spatial part of (19) is given by
with the relationship between Minkowski and ordinary forces acting on a test particle in 3-space
The second independent equation follows from the temporal part of (19):
which expresses the total energy rate of the particle in the field. By definition of a conservative field, K 0 , being a total energy rate, must be zero, hence, γm = C. For the particle starting free fall from rest at infinity,
. This result will be later substantiated by considering the Noether's conservative current, which is recognized in (21) or, equiva-
Further we are to restrain ourself to the problem of free radial fall; an orbital motion is subject to a separate work. Thus, dr(t) = c 0 β(t)dt, and (25) becomes
which is the total energy balance in a differential form. In fact, this is the Noether's conservative current discussed earlier in terms of proper quantities and now expressed in the (r, t) coordinates in the differential form. It manifests a total energy conservation law for a particle in a spherical symmetric potential field: "the conserved total energy" equals a sum of "the potential energy change due to gravitational force work" and the corresponding "kinetic energy change", where the total energy is γm = m 0 in the considered case of free fall from rest at infinity. Therefore, the l.h.s. of (26) is zero.
Next step is to substitute the gravitational force expression (3) into (22) (or equivalently (26) 
where r = r(t), γ r (t) = γ[r(t)] that is, γm = m 0 with m[r(t)] as a function of r in (27). It looks like a linear approximation (6) of the static relation (5) and consequently has a range restriction (r ≥ R > r g ), discussed later.
From this solution, kinetic energy as a difference of total and proper energy is
while the sum of kinetic and potential energy equals zero what makes the total energy E tot = m 0 c 2 0 . By finding the specific function m(r) (27), we confirmed the Noether's current concept (10) and the constancy γm = m 0 .
If the particle in radial fall has kinetic energy at infinity E 0 = γ 0 m 2 0 then, due to the total energy conservation, m 0 should be replaced by γ 0 m 0 ; correspondingly, the equality γ(t) = γ r (t) should be replaced by γ(t) = γ 0 γ r (t), where γ r = m 0 /m(r), r = r(t) as before, γ 0 = (1 − v 2 0 /c 2 0 ) −1/2 , v 0 is the radial speed at infinity. Then (28) becomes
However, this is not a final result because we need to take into account the mass defect in the gravitational force expression (considered next).
3.2 Correction for the source mass defect, and final results.
Our requirement of (r g < R) in (28) precludes the proper mass from reaching a zero value in the exterior region when m → 0 at r → r g . The problem is caused by the simplified concept of the gravitational radius r g = GM/c 2 0 , in which a binding energy of the sphere (a mass defect) was ignored because the interior solution for r < r g was not studied. We need to take into account the fact that M = M 0 = i m 0i , where m i0 are proper masses "at infinity" of particles comprising the sphere. The difference is a self-binding energy ∆M = M 0 − M . One needs to reformulate the problem in terms of r g0 = GM 0 /c 2 0 with the correction for the mass defect. An approximate way to do it would be to introduce a spacial factor
Then, the gravitational force takes the form
The correction ensures physical requirement (m(r) > 0) in the whole range (r > R) and a boundary junction of exterior solution m(r) at (r ≥ R)
with that at the surface r = R without actual finding the interior solution.
Further on, we drop the lower zero index in r g0 and use the previous denotation r g = GM 0 /c 2 0 for the gravitational radius having a new meaning. The introduction of the additional factor γ r = m 0 /m in the source term is an approximate way to account for the source self-binding effect in order to correct a radial dependence of an exterior field under strong field conditions. All things considered, the equation (22) takes the form
and the dynamical solution is:
It coincides with the static solution (5). Having kinetic energy term γ 0 been accounted for from the condition at infinity, we have a final set of formulae:
and squared norms of the 4-momentum P µ = m(γ, γβ, 0, 0) and the 4-
Relations will be used further: γ = γ r γ 0 , γm = γ 0 m 0 , γ∆τ = γ 0 ∆t 0 , p = c 0 γβm = c 0 γ 0 βm 0 , ∆s = c 0 ∆τ , ∆r = c 0 γβ∆τ = c 0 γ 0 β∆t 0 (t 0 is the "coordinate" time measured by the rest observer at infinity; it is usually denoted t, as discussed later).
Formulae for total, kinetic, and potential energy are:
It is seen that −m 0 c 2 0 ≤ W ≤ 0. When m 0 << M 0 , the kinetic energy emerges solely due to the change of the proper mass of a test particle in a field, and the proper mass "exhaustion" under strong field conditions takes place. We want to emphasize again that the divergence is eliminated for an arbitrary mass density of the source and a however strong field.
Under weak-field conditions r g /r << 1, we have
and the Newtonian limit E kin = mv 2 /2.
Clearly, our results and conventional ones differ due to the difference in concepts of relativistic mass and, correspondingly, potential energy. A particle to be accelerated by a force at distance needs to be bound. The binding energy in our philosophy is a real mass defect (m − m 0 ) limited by the proper mass value. It makes the force weaken as r → r g so that no infinities arise. In the concept of proper mass constancy, the particle gets bound while acquiring kinetic energy from field energy m 0 c 2 0 (r g /r), so both the binding and kinetic energy, in principle, are unlimited. Compare it with an imaginary angle ψ of hyperbolic rotation: cosh ψ = γ, sinh ψ = γβ, tan ψ = β. Hence, sin θ = tanh ψ = β.
Total energy conservation law and dynamical complementarity principle
The new (real rotation) symmetry ensures the total energy conservation law in the approach of the variable proper mass concept. It can be shown that a similar symmetry takes place under general conditions at infinity when (γ 0 > 0) or (γ 0 < 0); the case of a negative initial kinetic energy at infinity means that the test particle is dropped at some finite point r > R where the potential is not zero. The energy conservation is interpreted in terms of Nether's conserved mass-energy current in the momentum space. Our finding is that there is a similar conserved current in the coordinate space.
It corresponds to the constant time rate recorded by a far-away atomic clock.
Therefore, there are equivalent symmetries in P µ and x µ spaces. This fact is known and used in the SR Kinematics, when the Klein-Gordon equation is derived in the SR Kinematics framework with the relativistic generalization of the de Broglie wave concept. The latter includes such quantities as the 4-phase φ = (ωt − k · r), the 4-wave vector (E/c 0 , p) =h/c 0 (ω, k), where E = mc 2 0 =hω = hf ; consequently, P µ ∼ f µ ∼ K µ in SR Kinematics. The following scalar product is Lorentz invariant:
where N is a number of wavelength (clock ticks). It is not surprising that The fact of invariance (44) in the quasi-Euclidean dynamical metric is called further "the dynamical complementarity principle" due to its significance in our study. The quantum de Broglie concept is seen to be naturally embedded in our SR-based gravitational dynamics before a field theory development. Some other issues relevant to the problem are discussed in [9] .
We believe that the real rotation symmetry is a true gravitational mechanics law to be confirmed by observations; it reflects the idea of mass and time unity and enables us to gain into a new insight of physical and philosophical concepts of matter and time.
Graphical illustrations, and lessons
A brief comment is needed before discussing graphical illustrations of the free fall problem. In SR textbooks, the Lorentz kinematical transformation is usually illustrated by a straightforward picture of hyperbolic rotation. This would be a trigonometrical rotation in a complex plane by an imaginary angle ψ, tan ψ = ıβ; optionally, it can be shown as a hyperbolic rotation in a real plane so that tanh φ = β, hence, tan ψ = tanh φ. The idea in both variants is to show in the graph the invariant Lorentz norm ∆s as a rotating radius.
Our graphic presentation is different and has more physical sense for us.
There are three terms depicted in each graph in a real plane: "spatial part" 
Graph a) SR Dynamics (1/r potential field): real rotation symmetry.

Graph b) Spatial part is fixed. There is no symmetries or invariance.
Graph c) SR Kinematics (no field): proper mass and time Lorentz invari-
ance.
invariant. Lorentz invariance does not takes place in other than case c)
situations, as seen next. In the picture a), the interval is a P -projection on the τ -axis, (or on the m-axis) and it is not constant: it gets smaller as the particle approaches the source. However, the interval ∆t = OP is preserved.
To find the proportion ∆t 0 /∆τ (r) = T (r)/∆t 0 and the time interval T (r) referred to the gravitational time dilation, one needs to draw the tangent line at the point P to the intersection with the horizontal axis. for K m in (19), and do the same with ∆τ = ∆τ 0 /γ for K τ .
In the next Section, we discuss the photon problem in the Minkowski (deformed) space. Instead of GR "curved space-time field", the more appropriate in SR Mechanics term is used: "gravitational refracting medium".
A photon in the gravitational field
Unlike the particle, the photon does not have a proper mass; its total mass is solely a kinetic one. One has to look for conserved quantities in the photon metric taking into account the photon SR kinematics [10] . Instead of detailed analysis, we simplify the problem by considering the photon emitter/detector at rest with the respect to the source and making use of the fact that any photon in flight in a gravitational field is characterized by the two conserved quantities: an energy (frequency) and an angular momentum (the latter is out of consideration here).
Thus, we assert that the energy (frequency) of the photon emitted at any point does not change during its travel in a gravitational field. From the concept of the atomic clock, it follows that the frequency f ph at the instant of emission must be proportional to the frequency of an atomic clock-emitter
, that is, the emission frequency is field dependent. Therefore, the momentum (or the wavelength) and the speed of light will proportionally change with respect to those values measured by the far-away observer in experiments with the standard photon from her clock-emitter. All said above is sufficient for the determination of photon gravitational properties in the model, in which Minkowski space filled with field is considered a transparent refracting medium.
The next set of formulae describe characteristics of the photon detected at a point r, if emitted at a point r ′ .
where f 0 is the photon frequency at infinity; the photon does not change the initial (emission) frequency during its flight. The photon speed (the speed of light) is
So far, we consider results valid for all frequencies (there is no dispersion);
hence, a photon and light propagate similarly. The speed of light at detection point r does not depend on a point of emission r ′ . Consequently, the photon wavelength is
It follows that the photon wavelength at any point of emission equals the wavelength at infinity λ 0 . Finally, the proper period of a resonance line of atomic clock is
All quantities with "zero" subscript are measured at infinity. The speed of light is influenced by the gravitational potential according to (48); further a dimensionless form is used
This is the speed of light wave propagation. Physical processes described by the above formulae are time reversal in accordance with the energy conservation. Thus, the gravitational time dilation and the red shift are due to the field dependence of the emission frequency and the speed of light, provided the photon energy being conserved.
It is seen that the speed of light is constant on the equipotential surface r = r 0 , and it may be termed a tangential, or arc speed. One can define also the radial ("coordinate") speedβ ph (r)
Under weak-field conditions, it coincides with the corresponding GR formula.
We conclude that the photon propagates in a gravitational field as in a refracting medium with the index of gravitational refraction n g = 1/β ph .
The refraction concept was discussed in the GR literature (see, for example [4] , [11] , [12] ). It should be noted that there is no evidence that a static electric or magnetic field alone would affect the speed of the photon.
Predictions and Observations
GR tests are related to weak-field conditions and usually presented in literature as a solid GR gravitodynamics confirmation of the curved space-time concept [13, 14] . In fact, under those conditions of "near-Newton" limit, a behavior of a photon and atomic clock in our approach is similar to that in GR (in spite of different space-time philosophy). How well our approach fits all observations is a special issue; many details need to be further investigated. Here we are able to make only a brief review of basic facts.
The gravitational red-shift and time dilation
The term "red-shift" means that the wavelength of a photon emitted by an atomic clock at some point of lower potential appears to be increased when detected at some point of higher potential. Our interpretation of the red-shift was explained earlier: the effect is due to a combination of the gravitational shift of the emission-detection resonance line and the depen- 
The bending of light
The bending of light is due to the "gravitational refraction". We conducted different calculations of the bending effect: using a refraction model, and using the angular momentum conservation; in both cases, the result was the same and similar to that in GR.
The time delay of light flight
The time delay effect was measured in radar echo experiments with electromagnetic pulses passing near the Sun. The effect can be calculated by integrating the time of light travel over the path with the field-dependent coordinate speed (52); the result will be equivalent to GR predictions.
Planetary perihelion precession and other astronomical observations
This problem is related to a particle orbital motion in a gravitational field. It adds nothing new to our conclusion about absence of numerical difference in predictions of weak-field effects in the alternative versus conventional theory. The perihelion precession can be assessed in GR by comparing radial and orbital frequencies in the Schwarzschild metric under weak-field approximation or in the post-Newtonian parameterization model. In the alternative approach, the corresponding physical treatment is equivalent to that in the effective potential model, in which dynamical quantities of orbital motion are influenced by the first-order field dependence of the proper mass in the Minkowski space.
A particle in free fall in a gravitational field
This is the case when we can compare predictions under high energy conditions. According to GR [1] , a relative speed of a particle in a radial fall is described by β(r) = (1 − 2r g /r)[1 − (1 − 2r g /r)/γ 2 0 ] 1/2 . It shows that from the viewpoint of the observer at infinity a particle dropped from rest begins to accelerate, then at some point starts decelerating and eventually stops at r = 2r g . The bigger initial kinetic energy, the greater a "resisting" force arising so that the speed of the particle cannot exceed the coordinate speed of light. Strangely enough, if γ 0 ≥ 3/2, the particle will never accelerate in a gravitational field, (see ( [15, 16] , and elsewhere).
The GR formula should be compared with our result (39): β(r) = 1 − (1/γ 2 0 ) exp(−2r g /r) 1/2 , which does not indicate any "resisting force".
"Black holes" and other "strong field" observations
There are astrophysical observations related to strong-field effects (the so-called black holes, radiating binary star systems, and others). Of course, there should be strong-field effects around astrophysical objects of superhigh density. Practically, they might look like circumstantial evidence of "black holes" manifesting "gravitational collapse" and the corresponding "light trap". However, the idea of matter collapse into a singularity point in space seems to be an unnecessary "new physics" speculation. In our alternative approach, the gravitational time dilation could be however great; physical processes involving particle and photon motion in a strong field remain time-reversal and free of singularities. We predict an existence of extremely dense ordinary material formations of a strong gravitational pull without collapsing.
Summary and Conclusion
-The problem of relativistic motion in a gravitational field was studied in the Special Relativity dynamics of point particle. The novelty of our approach to the problem is an introduction of the field dependent proper mass concept, as opposed to conventional assumption of the proper mass constancy. Historically, the SR-based gravitational dynamics has never been developed. It was believed that the gravity phenomenon and Special Relativity are incompatible. Gravitational properties of relativistic particles are also not easy to explain. General Relativity did explain the observed gravitational properties of particles and photons. As for to-day, GR has been thoroughly tested under weak-field conditions; however, strong-field effects still have not been verified in direct measurements. The long-standing, not thoroughly understood problem is the GR non-quantizibility. Another problem is associated with the strong-field 1/r divergence, which cannot be removed by a means of renormalization procedure. That is why alternative approaches to the gravitational problem are often speculated in literature.
-We studied conservation properties of the 1/r gravitational potential in the relativistic Lagrange framework in the context of Noether's currents associated with the time and mass translation symmetry. A quantum connection of the theory via the generalized de Broglie wave concept was established and the complementarity principle in relativistic dynamics was formulated.
The proper mass and time are scalars, which determine the temporal part of coordinate and momentum (complementary) 4-vectors characterizing the particle as a standard quantum oscillator, or a standard atomic clock. The complementarity principle requires that all observers use standard atomic clocks in the metric determination comparing to the time pace at infinity.
The principle enables us to gain an insight into a unity of mass and time concepts and quantum connections of relativistic gravitational dynamics due to the relationship m 0 c 0 2∆τ 0 = h.
-One of our findings is that a photon propagation may be described in terms of refraction in a gravitational field medium. This is not an unusual approach to the photon problem: a similar photon concept was from time to time considered in the GR framework. It means that the photon may not be energetically coupled to the gravitational field but be influenced by another (refraction) mechanism of gravitational interaction. We concluded that the inclusion of the photon refraction concept along with a revised
proper mass concept into SR-based mechanics makes predictions consistent with existing gravitational (weak-field) observations. New predictions in strong field domain were made.
-The photon does not have the proper mass. Consequently, it gives rise to the null Lorentzian metric. In SR methodology, the photon plays an important role in determination of both temporal and spatial parts of com- -The motivation of this work is new results in a strong field domain, in particularly, the 1/r divergence elimination through a natural mechanism of mass defect rising with field strength (the predicted "mass exhaustion" effect). We believe that the approach developed in the SR-based framework will be perspective for further studies on developing a divergence-free gravitational field theory.
